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FDQ EH XVHG IRU PDFKLQLQJ KLJK DVSHFW UDWLR ' PLFUR VWUXFWXUHV 7KLV SDSHU GHVFULEHV WKH GHYHORSPHQW RI D
PLFUR('0 IRU VXEVHTXHQW H[SHULPHQWDO VWXGLHV RQ YDULRXV PLFUR HOHFWULFDO GLVFKDUJH PDFKLQLQJ SURFHVVHV
SDUDPHWHUV 'HYHORSPHQWRI YDULRXV FRPSRQHQWPRGXOHV RIPLFUR('0 LV GHVFULEHG LQ VHFWLRQ([SHULPHQWDO
VWXG\ LVSUHVHQWHG LQVHFWLRQ %OLQGKROHGHSWKDQG WRROZHDUPHDVXUHPHQW LVGHVFULEHG LQVHFWLRQ IROORZHGE\
FRQFOXVLRQV LQVHFWLRQ
 'HYHORSPHQWRIPLFUR('0
)LJXUH  VKRZV EORFN GLDJUDP RI WKH SURSRVHG SURWRW\SH PLFUR('0 VHWXS 7KH VHWXS FRQVLVWV RI 3XOVH
JHQHUDWLRQ DQG FRQWURO XQLW WRROIHHG FRQWURO XQLW ;< VWDJH PRWLRQ FRQWURO XQLW GLHOHFWULFPHGLXP ILOWHULQJ DQG
UHFLUFXODWLRQXQLWDQG DQLQVLWXPHDVXUHPHQWV\VWHP 3XOVHJHQHUDWLRQDQGFRQWUROXQLWLVGHVLJQHGWRSURYLGHSXOVHV
RI VSHFLILHG IUHTXHQF\ DQG GXW\ F\FOH WR WKH WRRO DQG WKH ZRUNSLHFH HOHFWURGHV 9HUWLFDO PRWLRQ RI WKH WRRO LV
FRQWUROOHGE\DQDPSOLILHGSLH]RHOHFWULFDFWXDWRU
 &DOLEUDWLRQRI/DVHUGLVSODFHPHQWVHQVRU
$ /DVHU GLVSODFHPHQW VHQVRU ,/' 0LFUR(SVLORQ*HUPDQ\ LV XVHG WR VHQVH WKH WRRO GLVSODFHPHQW
GXULQJ PDFKLQLQJ DQG ZHDU PHDVXUHPHQWV 7KH ODVHU GLVSODFHPHQW VHQVRU JLYHV DQ RXWSXW RI 9 IRU D
GLVSODFHPHQWUDQJHRI PP )LJXUH VKRZVWKHEORFNGLDJUDPRI/DVHUGLVSODFHPHQWVHQVRUFDOLEUDWLRQVHWXS
DQG )LJ  VKRZV WKH SKRWRJUDSK RI WKH SK\VLFDO FDOLEUDWLRQ VHWXS $ GLJLWDO GLDO JDXJH  PPPHDVXULQJ
UDQJH  PLFURPHWHU UHVROXWLRQ 0LWXWR\R PDNH 0RGHO  LV XVHG WR FDOLEUDWH WKH RXWSXW RI WKH ODVHU
GLVSODFHPHQWVHQVRU$KHDY\GXW\SRVWZLWKOHDGVFUHZ+ROPDUFPPUDQJHLVXVHGWRPRYHWKHWDUJHWVXUIDFH
E\DNQRZQGLVWDQFHZKLFKLVUHDGRQWKHGLDOJDXJHDQGWKHFRUUHVSRQGLQJDQDORJRXWSXWRIWKHODVHUGLVSODFHPHQW
VHQVRU LV UHFRUGHGE\1DWLRQDO ,QVWUXPHQWV'DWD$FTXLVLWLRQ6\VWHP 1,86%06V VDPSOLQJ UDWH 
$QDORJ LQSXWV $QDORJRXWSXW %LW UHVROXWLRQ9ROWDJH UDQJH 9 WR9)LJXUH VKRZV WKH FDOLEUDWLRQ
FXUYHREWDLQHG IRU ODVHU GLVSODFHPHQW VHQVRU7KHUHODWLRQVKLSEHWZHHQ WKHGLVSODFHPHQWRI WDUJHWVXUIDFHDQG WKH
UHVXOWLQJ RXWSXW YROWDJH RI WKH ODVHU GLVSODFHPHQW VHQVRU LV IRXQG WR EH OLQHDU DQG JLYHQ E\ WKH HTXDWLRQ
\ [ZKHUHµ[¶ LVWKHDQDORJRXWSXWRIWKHVHQVRULQYROWVDQGµ\¶ LVWKHGLVSODFHPHQWRIWKHWDUJHW
VXUIDFHLQPLOOLPHWHUV
)LJ%ORFNGLDJUDPRIPLFUR('0VHWXS
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 3XOVH JHQHUDWLRQDQGFRQWURO
,Q PLFUR('0 WKH SXOVH HQHUJ\ VXSSOLHG LV RI WKH RUGHU RI IHZ WHQV RI PLFUR MRXOHV - DQG WKH GLVFKDUJH
GXUDWLRQ LV IHZ PLFUR VHFRQGV V 8KOPDQQ ( HW DO &RQYHQWLRQDOO\ 5& W\SH DQG WUDQVLVWRU W\SH SXOVH
JHQHUDWRUV ZHUH XVHG 5& W\SH JHQHUDWRUV RIIHU ORZ SHUIRUPDQFH GXH WR ORZ GLVFKDUJH UDWH DQG YDULDWLRQV LQ
GLVFKDUJH HQHUJ\ -DKDQ03 HW DO  7UDQVLVWRU W\SHSXOVH JHQHUDWRUV RIIHU EHWWHU SHUIRUPDQFHGXH WR KLJK
GLVFKDUJH IUHTXHQF\ DQG PRUH XQLIRUP GLVFKDUJH HQHUJ\ 6HYHUDO UHVHDUFKHUV LQYHVWLJDWHG WUDQVLVWRU EDVHG SXOVH
JHQHUDWRU +DQ)HWDO  +DQ)HWDO 0X 7LDQ<HWDO 6WDEOHPDFKLQLQJFRQGLWLRQLVDFKLHYHGE\
VHQVLQJ WKH VSDUNJDS LQ UHDO WLPHDQG UHJXODWLQJ WKHSXOVH LQWHUYDO IRUHDFK VSDUN 0X 7LDQ<HWDO 7KLV
SDSHUSURSRVHDQ)(7EDVHGSXOVHJHQHUDWRUPRGLILHGWR PLQLPL]H WKHGHOD\WLPH 0XUDOLGKDUDHWDO )LJXUH
VKRZV WKHEORFNGLDJUDPRISXOVHJHQHUDWLRQDQGFRQWUROFLUFXLWXVHGLQWKHSURSRVHGSURWRW\SHPLFUR('0)(7
EDVHG SXOVH JHQHUDWRU LV GULYHQ E\ DQ LVRODWHG '& SRZHU VXSSO\ 7KHUHIRUH QHHG IRU YROWDJH DWWHQXDWLRQ DQG
LQVXODWLQJFLUFXLWVDUHHOLPLQDWHG7KXVWKHGHOD\WLPHSUHVHQWLQWKHFRQYHQWLRQDOWUDQVLVWRUW\SHSXOVHJHQHUDWRULV
DYRLGHG7KHSXOVHZLGWKPRGXODWRU3:0JHQHUDWHVUHFWDQJXODUSXOVHV$VHWRIILHOGHIIHFWLYHWUDQVLVWRUV)(7
DUHXVHGWRVZLWFKWKHKLJKYROWDJH9 9SXOVHVEHWZHHQWKHWRROHOHFWURGHDQG ZRUNSLHFH 7KH)(7GULYHU
UHFHLYHVVLJQDOVIURPWKHSXOVHZLGWKPRGXODWRUDQG GULYHVWKH)(7V7KH)(7GULYHUKDQGOLQJKLJKYROWDJHSXOVHV
LVLVRODWHGIURPORZSRZHUSXOVHZLGWKPRGXODWLRQFLUFXLW3XOVHJHQHUDWLQJFLUFXLWLVDOVRLQFRUSRUDWHGZLWKFRQWUROV
IRU YDU\LQJ GLVFKDUJHGXUDWLRQDQGGLVFKDUJHLQWHUYDO'HSHQGLQJRQWKHPDFKLQLQJFRQGLWLRQSXOVHIUHTXHQF\DQG
GXW\F\FOHFDQ EHYDULHGE\FKDQJLQJWKHYDOXHRIUHVLVWDQFHDQGFDSDFLWDQFHLQWKHSXOVH ZLGWK PRGXODWLQJ FLUFXLW
 7RROIHHGFRQWURO
'XULQJ PLFUR('0SURFHVV WKHVSDUNVSURGXFHGEHWZHHQWKHHOHFWURGHVUHPRYHVVRPHDPRXQWRIPDWHULDOIURP
WRRODQGZRNSLHFHZKLFK UHVXOWV LQ LQFUHDVH LQ VSDUNJDS 7RPDLQWDLQ WKH VSDUNJDS WRRO VKRXOGEH IHGDW D UDWH
HTXDO WR WKH VXP RI PDWHULDO UHPRYDO UDWH 055 DQG WRRO ZHDU UDWH 7:5,Q PLFUR('0 WKH PDFKLQLQJ
SHUIRUPDQFHJUHDWO\GHSHQGRQWKHHIIHFWLYHVSDUN JDS 'HSHQGLQJRQWKHFRQGLWLRQRIWKHVSDUNJDS DYROWDJHSXOVH
)LJ  %ORFNGLDJUDPRI7RRO)HHG&RQWURO)LJ %ORFNGLDJUDPRISXOVHJHQHUDWLQJFLUFXLW
)LJ  3KRWRJUDSKRI/DVHU
'LVSODFHPHQW6HQVRU FDOLEUDWLRQ
VHWXS
)LJ  &DOLEUDWLRQ FXUYH IRU
/DVHU'LVSODFHPHQW6HQVRU
)LJ  /DVHUGLVSODFHPHQWVHQVRUFDOLEUDWLRQ
VHWXS
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VXSSOLHG PD\ UHVXOW LQ LQR VSDUN LLGHOD\HG VSDUNLLLQRUPDO VSDUNLYDUFLQJ RUYVKRUWLQJ EHWZHHQ WRRO DQG
ZRUNSLHFH HOHFWURGHV<HR 6+ HW DO  %XW FRQGLWLRQ RI WKH VSDUN JDS LV LQIOXHQFHG E\ GHSWK RIPDFKLQLQJ
-RQJ+/HWDO $OL2HWDO 3KDP '7HWDO 7KXVWKHFRQWUROOHULVUHTXLUHGWRUHVSRQGWRWKHJDS
FRQGLWLRQV DQG DQ RSWLPXP JDS PXVW EH PDLQWDLQHG &XUUHQW DQG YROWDJH PHDVXUHPHQW V\VWHP LV XVHG IRU JDS
FRQWURO EHWZHHQ WRRO DQGZRUNSLHFH *XKD$HW DO 3RZGHUPL[HGZRUNLQJ IOXLG LV UHSRUWHG WRKDYH EHWWHU
SHUIRUPDQFHGXULQJPLFUR('0SURFHVV 8QR<HWDO  7KH VSDUNJDS FRQWUROLVDOVRDFKLHYHGE\PRQLWRULQJ
WKHYDULDWLRQV LQ WKHGLHOHFWULF IOXLGSUHVVXUHFLUFXODWHG WKURXJK WXEH HOHFWURGH +D\DNDZD6HWDO  6LQFH D
VSDUN JDSRI IHZPLFURPHWHUV LV WREHPDLQWDLQHGEHWZHHQ WKH WRRODQGZRUNSLHFHHOHFWURGHV D SUHFLVH WRRO IHHG
FRQWURO LV HVVHQWLDO LQ PLFUR('0 SURFHVV ,Q WKH SURSRVHG SURWRW\SH PLFUR('0 WKLV FULWLFDO UHTXLUHPHQW LV
DFKLHYHGE\ D SLH]RDFWXDWHGWRROIHHG PHFKDQLVP0XUDOLGKDUDHWDO,QWKHSURSRVHGPLFUR('0WKH
LQWHUHOHFWURGHJDSYROWDJHLVVHQVHGDQGXVHGDVDIHHGEDFNVLJQDOIRU FRQWUROOLQJWKHWRROIHHGDVVKRZQ LQ)LJ
'XULQJPDFKLQLQJZKHQWKHVSDUNJDSLQFUHDVHVWKHJDSYROWDJHDOVRLQFUHDVHV7KHJDSYROWDJHLVVHQVHGDQGWKHGF
FRPSRQHQWRILWLVFRPSDUHGZLWKDUHIHUHQFHYROWDJHZKLFKFRUUHVSRQGVWRWKH RSWLPXP VSDUNJDS7KHRXWSXWRIWKH
FRPSDUDWRULVVXSSOLHGWRDUDPSJHQHUDWRU7KHUDPSJHQHUDWRUJHQHUDWHVDUDPSVLJQDOZLWKDSSURSULDWHVORSH7KLV
UDPSVLJQDOLVDPSOLILHGDQGVXSSOLHGWRWKHSL]RDFWXDWRU 7KHSLH]RDFWXDWRUIHHGVWKHWRROZLWKUHTXLUHGFRQWURO
 $FWXDWRUIRUWRRO IHHG
,QPRVW RI WKH LQYHVWLJDWLRQV UHSRUWHG FRQYHQWLRQDO  '& VHUYRPRWRUV DQG RWKHU HOHFWURPHFKDQLFDO V\VWHPV
ZHUHXVHG IRUWRROIHHG7KHVH V\VWHPV UHTXLUHHODERUDWHFORVHGORRSFRQWUROIRUWRROSRVLWLRQLQJ,QPLFUR('0WKH
WRRO VL]H LV RI WKHRUGHURI IHZ KXQGUHG PLFURPHWHUV DQG WKHUHIRUH WKHDFWXDWRUFDQKROGDQG IHHG WKH WRRODV WKH
PHFKDQLFDO ORDGLQYROYHGLV QHJOLJLEOH7KHUHIRUHD SLH]RDFWXDWRULV FRQVLGHUHG IRUIHHGLQJWKHWRRO LQWKHSURSRVHG
PLFUR('0 VHWXS 0XUDOLGKDUDHWDO )LJXUHVKRZV GHWDLOV RIWKHSLH]RDFWXDWRU$3$0 &HGUDW
7HFKQRORJLHV)UDQFHXVHG IRU WRRO IHHGFRQWURO ZKLFK FRQVLVWVRI WZRSLH]RVWDFNVDUUDQJHG LQ VHULHV(DFK SLH]R
VWDFNFRQVLVWVRISLH]RZDIHUVRIPWKLFNDQGP FURVVVHFWLRQDUHD7KHVHWZRSLH]RVWDFNVDUHKRXVHG
LQVLGHDIOH[XUDOOLQNWRDPSOLI\WKHGLVSODFHPHQW3LH]RDFWXDWRUKDVDPD[LPXPGLVSODFHPHQWRIPDW9
)LJXUH  VKRZV WKHH[SHULPHQWDOVHWXSXVHGWRPHDVXUHWKHGLVSODFHPHQWRIWKHSLH]RDFWXDWRU 0HDVXUHPHQWVZHUH
PDGHE\YDU\LQJ WKH LQSXWYROWDJH WR WKHSLH]RDFWXDWRU$GDWDDFTXLVLWLRQFDUG1DWLRQDO ,QVWUXPHQWV 86%
VDPSOLQJ IUHTXHQF\ RI 06V FRQVLVWLQJ RI  DQDORJ RXWSXW DQG  DQDORJ LQSXW FKDQQHOV ZDV XVHG LQ WKH
VHWXS 1DWLRQDO ,QVWUXPHQWV /DE9,(: VRIWZDUH ZDV XVHG WR JHQHUDWH D WULDQJXODU RXWSXW VLJQDO IRU WKH
SLH]RDFWXDWRUYROWDJHDPSOLILHUDQGWRDFTXLUHWKHDQDORJVLJQDOIURPODVHUGLVSODFHPHQWVHQVRU 7KH DQDORJVLJQDO
JHQHUDWHGZDVDPSOLILHGDPSOLILFDWLRQIDFWRURIE\DOLQHDUVLJQDODPSOLILHU 7KHDPSOLILHGVLJQDO ZDV VXSSOLHG
WR WKH SLH]RDFWXDWRU 7KH GLVSODFHPHQW RI WKH SLH]RDFWXDWRU ZDV DFTXLUHG E\ D /DVHU 'LVSODFHPHQW VHQVRU
,/' 7KH RXWSXW RI WKH ODVHU GLVSODFHPHQW VHQVRU ZDV FRQQHFWHG WR WKH DQDORJ LQSXW FKDQQHO RI WKH
1,86%'$4V\VWHP)LJXUH DVKRZV WKHYDULDWLRQVRISLH]RDFWXDWRULQSXWYROWDJHDQGGLVSODFHPHQWYHUVHV
WLPH DQG )LJ E VKRZV WKH SLH]RDFWXDWRU GLVSODFHPHQW YHUVHV SLH]RDFWXDWRU LQSXW YROWDJH $ GLVSODFHPHQW
RIP LV REVHUYHG IRU DQ LQSXW YROWDJH RI 9 DQG UHPQDQW GLVSODFHPHQW RIP ZDV REVHUYHG ZKHQ WKH
YROWDJHOHYHOUHDFKHVWR9DVVKRZQLQ )LJD DQGE 7KLVLVGXHWRWKH K\VWHUHVLVEHKDYLRXU EHWZHHQWKHDSSOLHG
YROWDJHDQGWKHUHVXOWLQJGLVSODFHPHQW RIWKH 3LH]RDFWXDWRU
)LJ  3LH]RDFWXDWRUGLVSODFHPHQWPHDVXUHPHQW VHWXS
)LJ3LH]RDFWXDWRUXVHGLQWKHPLFUR('0
VHWXS
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 'LHOHFWULF0HGLXP)LOWHULQJ DQG 5HFLUFXODWLRQV\VWHP
,QWKHSUHVHQWPLFUR('0VHWXSNHURVHQHZDVXVHGDVWKHGLHOHFWULFPHGLXP ZLWKDUHFLUFXODWLRQDQGILOWHULQJ
V\VWHP DV VKRZQ LQ )LJ  ,W FRQVLVWV RI D SRZHU VXSSO\ XQLW YDULDEOH VSHHG SXPS DQG DQLQOLQH ILOWHU ZLWK D
UHSODFHDEOHILOWHUFDUWULGJHRIPGLDPHWHUSRUHVL]H7KHSRZHUVXSSO\XQLWLVFDSDEOHRIVXSSO\LQJ9DWD
FXUUHQWUDWLQJRI$
,QVLWXPHDVXUHPHQWV\VWHP
$ ODVHU GLVSODFHPHQW VHQVRU ,/'0LFUR(SVLORQ *HUPDQ\ LV XVHG IRU YDULRXV PHDVXUHPHQWV LQ WKH
GHYHORSHGPLFUR('0 7KHUHIHUHQFHSRVLWLRQRIWKHWRROZLWKUHVSHFWWRZRUNSLHFHLVPHDVXUHG E\FRQWDFWVHQVLQJ
WHFKQLTXH LQFRUSRUDWHG LQ WKH WRRO IHHG FRQWURO V\VWHP )LJXUH VKRZV WKH EORFN GLDJUDP RI WKH PHDVXUHPHQW
V\VWHP'XULQJD[LDO WRROZHDUPHDVXUHPHQWDQGEOLQGKROHGHSWK PHDVXUHPHQW WRRO LV IHG WRZDUGVZRUNSLHFH WR
PDNHSK\VLFDOFRQWDFWZLWK LW&RQWDFWEHWZHHQWRRODQGZRUNSLHFHLVHQVXUHGE\WKH HOHFWULFDOFRQWLQXLW\EHWZHHQ
WKHP7KHRXWSXWRIWKHFRQWDFWVHQVRULV IHG WRWKH WRROSRVLWLRQFRQWUROOHU7KHFRQWUROOHUJHQHUDWHVDVLJQDOZLWK
SRVLWLYHRUQHJDWLYHVORSHEDVHGRQWKHLQSXWUHFHLYHGIURPWKHFRQWDFWVHQVRU7KHFRQWUROOHURXWSXWLVDPSOLILHGDQG
IHGWRWKHSLH]RDFWXDWRUIRUFRQWUROOLQJWKHWRROSRVLWLRQ7KHWRROGLVSODFHPHQWLVVHQVHGE\WKHODVHU GLVSODFHPHQW
VHQVRU6HQVRURXWSXWFRUUHVSRQGLQJWRWKHWRROGLVSODFHPHQWLVDFTXLUHGE\1DWLRQDO,QVWUXPHQWV'DWD $FTXLVLWLRQ
6\VWHP1,86%$ GRXEOH SROHGRXEOHWKURZ '3'7 VZLWFKLVXVHGLQWKHWRROIHHGFRQWUROFLUFXLWWRVHOHFW
EHWZHHQPDFKLQLQJDQGPHDVXUHPHQWPRGHRIRSHUDWLRQ DVVKRZQLQ)LJ
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 ,QVLWXPHDVXUHPHQWWHFKQLTXH
)LJUHVKRZV WKHVLPSOHWHFKQLTXHXVHGIRUWRROZHDUPHDVXUHPHQWDQG EOLQG KROHGHSWKPHDVXUHPHQW)LJXUH
D LOOXVWUDWH WKH UHIHUHQFH SRVLWLRQ DV WKH IUHVK WRRO FRQWDFW WKH XQPDFKLQHG ZRUN VXUIDFH /DVHU VHQVRU RXWSXW
FRUUHVSRQGLQJ WR WKLV SRVLWLRQ LV UHFRUGHG DV UHDGLQJ )LJXUH E VKRZV WKH ZRUQRXW WRRO FRQWDFWLQJ WKH
PDFKLQHG VXUIDFH DIWHU PDFKLQLQJ /DVHU VHQVRU RXWSXW FRUUHVSRQGLQJ WR WKLV SRVLWLRQ LV UHFRUGHG DV UHDGLQJ 
)LJXUHF UHSUHVHQWVZRUQRXWWRROFRQWDFWLQJWKHXQPDFKLQHGZRUNVXUIDFHDQGFRUUHVSRQGLQJWRWKLVUHDGLQJLV
UHFRUGHG )URP )LJ WRRO ZHDU LV JLYHQ DV GLIIHUHQFH EHWZHHQ UHDGLQJV  DQG UHDGLQJ 'LIIHUHQFH EHWZHHQ
UHDGLQJVDQG UHDGLQJZLOOJLYHPDFKLQHGEOLQGKROHGHSWKDQGGLIIHUHQFHEHWZHHQ UHDGLQJDQG UHDGLQJ ZLOOJLYH
WRWDOWRROIHHGGXULQJPDFKLQLQJ
0DFKLQLQJH[SHULPHQW
0DFKLQLQJH[SHULPHQWVDUHFDUULHGRXW WR HYDOXDWHSHUIRUPDQFHRIWKH SURWRW\SHPLFUR('0$FRSSHU WRRORI
 PPGLDPHWHU LV XVHG IRUPDFKLQLQJ EOLQG KROH RQ D FRSSHU SODWH PP WKLFNQHVV.HURVHQHZDV XVHG DV D
GLHOHFWULF PHGLXP,Q RUGHUWRVWXG\WKHSURILOHRIWKHPLFURPDFKLQHGEOLQGKROH WZRZRUNSLHFHVZHUHKHOGRQD
EHQFKYLFHZLWKWKHLUSROLVKHGVXUIDFHVDEXWWLQJ7RROLVSRVLWLRQHGDW WKHMRLQWZLWK WKHDVVLVWDQFHRI86%GLJLWDO
PLFURVFRSH 0RGHO HKH986%6SOXV )UDPH UDWH  IUDPHV SHU VHFRQG )RFDO GLVWDQFH PP WR LQILQLW\
PDJQLILFDWLRQ[WR[DQG ZLWKWKHKHOSRIPRWRUL]HG[\ VWDJH 0DFKLQLQJ LVFDUULHGRXW E\SRVLWLRQLQJWKHWRRO
DWWKH FHQWUHRIWKH MRLQW EHWZHHQ WZRZRUNSLHFHV DVVKRZQ LQ )LJ0DFKLQLQJLVSHUIRUPHGDWDSXOVHIUHTXHQF\RI
N+]GXW\F\FOHDQGDWDJDSYROWDJHRI97KHODVHUGLVSODFHPHQWVHQVRU,/'DORQJZLWK1,
86%  GDWD DFTXLVLWLRQ V\VWHP LV XVHG WR UHFRUG WKH WRRO GLVSODFHPHQW GXULQJ PDFKLQLQJ RSHUDWLRQ DQG DOVR
GXULQJ WRROZHDUPDFKLQLQJGHSWK PHDVXUHPHQWV )LJXUHVKRZV WKHWRROIHHGGXULQJPLFURPDFKLQLQJ0DFKLQLQJ
ZDV FDUULHG RXW IRU  VHFRQGV GXUDWLRQ 7RWDO WRRO IHHG GXULQJ PDFKLQLQJ ZDV  PP LQFOXGLQJ DQ LQLWLDO
WRROZRUNRIIVHWRIPP
)LJ  7RROZRUN SRVLWLRQLQJ ZLWK WKH KHOS RI 86% GLJLWDO
PLFURVFRSH )LJ7RROIHHGGXULQJPDFKLQLQJ
)LJ7RROZHDUDQG%OLQGKROHGHSWKPHDVXUHPHQWWHFKQLTXH
:RUN
SLHFHV
3LQYLFH
7RRO86%'LJLWDO
&DPHUD
7RROKROGHU
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$[LDOWRROZHDUDQG EOLQG KROHGHSWK PHDVXUHPHQW
0HDVXUHPHQW RI PLFURPDFKLQHG IHDWXUH GLPHQVLRQV LV TXLWH FKDOOHQJLQJ VLQFH FRQYHQWLRQDO PHDVXUHPHQW
WHFKQLTXHV FDQQRW EH DSSOLHG WR WKHP ,Q WKH SUHVHQW UHVHDUFK ZRUN GHSWK RI WKH PLFUR PDFKLQHG EOLQG KROH LV
PHDVXUHGE\WKHIROORZLQJWKUHH PHDVXUHPHQW PHWKRGV
L 7KHLQVLWXPHDVXUHPHQW V\VWHP LQFRUSRUDWHGLQWKHPLFUR('0VHWXS
LL %OLQGKROHGHSWKPHDVXUHPHQWE\ 2SWLFDO0LFURVFRSH
LLL %OLQGKROHGHSWKPHDVXUHPHQWE\/DVHUGLVSODFHPHQWVHQVRU
7KHDERYHPHQWLRQHGEOLQG KROHGHSWKPHDVXUHPHQWWHFKQLTXHVDUHGHVFULEHGEHORZ
%OLQGKROHGHSWKDQGWRROZHDUPHDVXUHPHQWE\LQVLWXPHDVXUHPHQWV\VWHP
7KH LQVLWX PHDVXUHPHQW V\VWHP GHYHORSHG EDVHG RQ HOHFWULFDO FRQWDFW VHQVLQJ WHFKQLTXH LV XVHG IRU PLFUR
PDFKLQHG EOLQG KROH GHSWKPHDVXUHPHQW DQG WRROZHDUPHDVXUHPHQW 7RRO LV IHG WRPDNH SK\VLFDO FRQWDFW ZLWK
ZRUNSLHFH GXULQJ PHDVXUHPHQW DQG GLVSODFHPHQWLVVHQVHGE\ODVHUVHQVRU,/'$QDORJRXWSXWRIWKHODVHU
VHQVRU LV DFTXLUHG E\ 1, 86% GDWD DFTXLVLWLRQ V\VWHP /DVHU VHQVRU RXWSXW FRUUHVSRQGLQJ WR IUHVK WRRO
FRQWDFWLQJ WKH XQPDFKLQHGZRUNVXUIDFHZRUQRXWWRROFRQWDFWLQJWKH PDFKLQHGVXUIDFHDIWHUPDFKLQLQJDQGZRUQ
RXW WRRO FRQWDFWLQJ WKH XQPDFKLQHG ZRUN VXUIDFH DIWHU PDFKLQLQJ ZHUH DFTXLUHG )LJXUH VKRZV WKH ODVHU
GLVSODFHPHQW VHQVRU RXWSXW IRU EOLQG KROH GHSWK DQG WRRO ZHDU PHDVXUHPHQWV %DVHG RQ LQVLWX PHDVXUHPHQW
WHFKQLTXHEOLQGKROHGHSWKZDVLGHQWLILHGDVPP ZLWKDWRROZHDURIPP DVVKRZQLQ)LJ
%OLQGKROHGHSWKPHDVXUHPHQWE\2SWLFDO0LFURVFRSH
0LFURPDFKLQHG KROHGHSWKLVYHULILHGE\REVHUYLQJWKHFURVVVHFWLRQRIWKHEOLQGKROHXQGHURSWLFDOPLFURVFRSH
/(,&$ '000DJQLILFDWLRQ;/HLFD0LNURV\VWHPH*HUPDQ\DQG   LPDJHVZHUH UHFRUGHGXVLQJ/HLFD
$SSOLFDWLRQ 6XLW 9 VRIWZDUH)LJXUH VKRZV WKH FURVVVHFWLRQRI WKHPLFURPDFKLQHGEOLQG KROH%OLQGKROH
GHSWK REVHUYHG IURP WKHPLFURVFRSLF LPDJH LV PHDVXUHGDVPPZKLFK LV LQJRRGDJUHHPHQWZLWK WKHKROH
GHSWK REWDLQHG E\ LQVLWX PHDVXUHPHQW V\VWHP'LDPHWHU RI WKH EOLQG KROH LV PHDVXUHGDV PPDW WKH KROH
HQWU\
%OLQGKROHGHSWKPHDVXUHPHQWE\/DVHUGLVSODFHPHQWVHQVRU
)LJXUH VKRZV WKH EORFN GLDJUDP RI WKH VHWXS XVHG IRU PHDVXULQJ WKH GHSWK RI PLFUR KROH XVLQJ ODVHU
GLVSODFHPHQWVHQVRU/DVHU GLVSODFHPHQW VHQVRU,/' 0LFUR(SVLORQ*HUPDQ\ KDYLQJPP PHDVXULQJ
)LJ/DVHUGLVSODFHPHQWVHQVRURXWSXWIRUWRRO
ZHDUDQGEOLQGKROHGHSWKPHDVXUHPHQWV
)LJ &URVV VHFWLRQ RI WKH PLFURPDFKLQHG EOLQG KROH
0DJQLILFDWLRQ[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UDQJH DQGPPVSRWGLDPHWHUDWPLG UDQJHLVXVHGIRU PHDVXUHPHQW $VWHSSHUPRWRUGULYHQVWDJH07
6WDQGD/LWKXDQLD KDYLQJPPGLVSODFHPHQWUDQJH LVXVHGIRUKROGLQJDQGPRYLQJWKHZRUNSLHFHXQGHUWKHODVHU
EHDP7KHZRWNSLHFHZLWK PDFKLQHG EOLQG KROH LVPRXQWHGRQWKHPRWRUL]HGVWDJH/DVHUEHDPLVSRVLWLRQHG DWWKH
FHQWUHRI WKHPLFURPDFKLQHG EOLQGKROH 6FDQQLQJ UDQJH LV VHW PLFURPHWHU RQ HLWKHU VLGHRI WKH FHQWUH RI WKH
EOLQG KROH 7KHZRUNSLHFH ZLWK EOLQG KROH LV KRUL]RQWDOO\ GLVSODFHG DFURVV WKH ODVHU EHDP DW PP SHU VHFRQG
VSHHG'XULQJ WKLVPRWLRQ WKH ODVHU EHDP LVPDGH WR SDVV DFURVV WKH EOLQG KROH DQG VHQVHV WKH XQPDFKLQHG DQG
PDFKLQHG VXUIDFHV RI WKH ZRUNSLHFH7KH VHQVRU GDWD DUH DFTXLUHG WKURXJK1DWLRQDO ,QVWUXPHQWV86% GDWD
DFTXLVLWLRQV\VWHPXVLQJ/DE9,(: VRIWZDUH )LJXUHVKRZVWKHSKRWRJUDSKRIWKHPHDVXUHPHQW VHWXS )LJXUH
VKRZV WKH SURILOH RI WKH PLFUR PDFKLQHG KROH REWDLQHG E\ VFDQQLQJ WKH ODVHU EHDP DFURVV LW %OLQG KROH GHSWK
REWDLQHGE\VFDQQLQJODVHUGLVSODFHPHQWVHQVRU ZDVPHDVXUHGDV  PP ZKLFK LV DERXWPP KLJKHU FRPSDUHGWR
WKH GHSWKREWDLQHGLQ RWKHUWZRPHWKRGV7KLV YDULDWLRQLQEOLQGKROHGHSWK PD\EHGXHWRWKHZRUNSLHFHSRVLWLRQLQJ
HUURU ZLWKUHVSHFWWRWKHODVHUGLVSODFHPHQWVHQVRU
&RQFOXVLRQ
$ PLFUR('0 LV GHYHORSHG ZLWK SLH]RDFWXDWHG WRRO IHHG V\VWHP DQG LQFRUSRUDWLQJ DQ LQVLWX WRRO ZHDU DQG
PDFKLQLQJGHSWKPHDVXUHPHQW V\VWHP7R YHULI\WKHDFFXUDF\RIWKHLQVLWX EOLQGKROHGHSWK PHDVXUHPHQW V\VWHPD
EOLQGKROHLVPDFKLQHGDQGLWVGHSWKLVPHDVXUHGE\WKHWKUHHPHWKRGV QDPHO\
x 7KHLQVLWXPHDVXUHPHQW V\VWHP
)LJ 3KRWRJUDSK RI WKH EOLQG KROH GHSWKPHDVXUHPHQW VHWXS
XVLQJ/DVHUGLVSODFHPHQWVHQVRU
)LJ %ORFN GLDJUDP RI WKH VHWXS IRU EOLQG KROH GHSWK
PHDVXUHPHQWXVLQJ/DVHUGLVSODFHPHQWVHQVRU
)LJ  3URILOH RI WKH EOLQG KROH REWDLQHG E\ VFDQQLQJ ODVHU
GLVSODFHPHQW VHQVRUDFURVVWKHEOLQG KROHIRUZDUGDQGEDFNZDUG
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x %OLQG KROHGHSWKPHDVXUHPHQWE\2SWLFDO0LFURVFRSH
x %OLQG KROHGHSWKPHDVXUHPHQWE\ /DVHUGLVSODFHPHQWVHQVRU
)URPWKHPHDVXUHPHQWUHVXOWVLWLVREVHUYHG WKDW EOLQG KROHGHSWKPHDVXUHGE\WKHLQVLWXPHDVXUHPHQWV\VWHP ZDV
LQJRRGDJUHHPHQWZLWK WKHKROHGHSWKPHDVXUHGE\ WKHRWKHU WZRPHWKRGV 3XOVHJHQHUDWLRQDQGFRQWUROV\VWHP
WRRO IHHG FRQWUROOHU FRQWDFW VHQVLQJ V\VWHPPDFKLQLQJ GHSWK DQG WRROZHDUPHDVXUHPHQW V\VWHPV DQG GLHOHFWULF
PHGLXPILOWHULQJDQGUHFLUFXODWLRQV\VWHPVDUHGHYHORSHGDQGLQWHJUDWHGWRGHYHORSDSURWRW\SHPLFUR('0V\VWHP
0DFKLQLQJ H[SHULPHQWV DUH FDUULHG RXW WR VWXG\ WKH SHUIRUPDQFH RI WKH SURWRW\SHPLFUR('0 V\VWHP )URP WKH
PDFKLQLQJ UHVXOWV LW FDQ EH FRQFOXGHG WKDW WKH GHYHORSHG SURWRW\SH PLFUR('0 FDQ EH XWLOL]HG IRU YDULRXV
H[SHULPHQWDOLQYHVWLJDWLRQVRIWKHPLFUR('0SURFHVV SDUDPHWHUV
$FNQRZOHGJHPHQW
$XWKRUVZRXOGOLNHWRDFNQRZOHGJHWKHILQDQFLDOVXSSRUW SURYLGHGE\9LVYHVYDUD\D7HFKQRORJLFDO8QLYHUVLW\LQ
FDUU\LQJRXWWKLVUHVHDUFKZRUNXQGHU978UHVHDUFKJUDQWVFKHPH
5HIHUHQFHV
$OL2 DQG & &DQ´$Q ([SHULPHQWDO LQYHVWLJDWLRQ RI WRRO ZHDU LQ HOHFWULF GLVFKDUJH PDFKLQLQJ´ ,QWHUQDWLRQDO -RXUQDO RI $GYDQFHG
0DQXIDFWXULQJ7HFKQRORJ\SS
%HOWUDPL ,-RVHSK &&ODYHO5%DFKHU-3%RWWLQHOOL6 ³0LFUR DQGQDQRHOHFWULFGLVFKDUJHPDFKLQLQJ´-RXUQDORIPDWHULDOVSURFHVVLQJ
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7HFKQRORJ\SS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SS
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SS
0X 7LDQ<&+XDQJ&)DQJDQG&&KDQJ³'HYHORSPHQWRIDSURWRW\SH0LFUR:LUH('0PDFKLQH´-RXUQDORI0DWHULDO3URFHVVLQJ
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
0X 7LDQ < DQG +&KLHQ´0RQLWRULQJ DQG FRQWURO RI WKH PLFUR ZLUH('0 SURFHVV´ ,QWHUQDWLRQDO -RXUQDO RI 0DFKLQH 7RROV DQG
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